RECENT STtrDmS INDICATE that the lethal effect of experimental, traumatic and chronic haemorrhagic shock is decreased or prevented by pre-treatment with chlorpromazine (1,2). In animals this treatment also attenuates the deleterious influence of bacterial invasion, and when bacterial contamination does occur, congestion and haemorrhage in the bowel does not develop (8). In a clinical study of patients undergoing surgical treatment for pulmonary tuberculosis, it was found also that pre-treatment with chlorpromazine possibly prevented or minimized the decompensatory uptake of blood following severe or prolonged haemorrhage and improved the postoperative course of these patients (4).
RECENT STtrDmS INDICATE that the lethal effect of experimental, traumatic and chronic haemorrhagic shock is decreased or prevented by pre-treatment with chlorpromazine (1, 2) . In animals this treatment also attenuates the deleterious influence of bacterial invasion, and when bacterial contamination does occur, congestion and haemorrhage in the bowel does not develop (8) . In a clinical study of patients undergoing surgical treatment for pulmonary tuberculosis, it was found also that pre-treatment with chlorpromazine possibly prevented or minimized the decompensatory uptake of blood following severe or prolonged haemorrhage and improved the postoperative course of these patients (4) .
This protective action of chlorpromazine has been partially explained on physiological, pharmacological and psychological grounds. Physiologically, the major known effect of the drug is to decrease peripheral vascular resistance. This causes hypotension and reduces the head of pressure in the peripheral circulation (5, 6) . Zweifach and associates believe that the protection afforded by chlorpromazine is due to the block of neurogenic peripheral vascular control and a hyper-reactive response by the arterioles and venulc~ to vaso-active materials in the circulation during sh'ess (7) . This hyper-reactivity sustains regional blood flow in the presence of a decreased circulating blood volume more effectively than sympathetic over-compensation in response to stress as seen in the unprotected or unblocked peripheral circulation. This effect is noted both in the visceral and in the peripheral (sldn) circulation. The hyper-reactivity of arterioles and venules is considered a favourable sign, indicating that tJhe deleterious pooling of blood in the splanchnic area, as seen in irreversible shock, has been eliminated and that a sustained circulation of the skin and peripheral vascular bed is present in spite of depletion of the blood volume.
Pharmacologically, there is a potent anti-adrena~u effect, a protective action on the heart against epinephrine-induced arrhythmias of chloroform, cyclopropane and trichlorethylene; a slight anti-histaminic effect, an anti-acetytcholine (parasympatholytic) effect; and a potent anti-5-hych'oxytryptamine effect. There is also a moderate local anaesthetic effect and a "pharmacological leucotomy" which extends from the level of the cortex to the brain 'stem and to the cervical ganglia (8, 9, i0, 11, 12, 18) .
disrupted in the direction of paralysis or inhibition by the anxiety. These are the reasons why chlorpromazine is most effective in manic states or severe anxiety states. These condibons are most directly power-driven in the direction of excitation by epinephfine-wecipitable tension anxiety~ and in which important ego functions are weakened least. The majority of these neuro-psychological effects are mediated through the reticular activating system ( 14, 15) . Other sources of chlorpromazine's protective action have been sought. It is possible that it has some effect on haemostasis and on the distribution of circulating blood volume. These two were, therefore, studied in patients who were under the stress of preparation for ~/n elective surgical operation. The following is the report on the effect of chlorpromazine on haemostasis.
In haemostasis three mechanisms must be studied by the clinician: the maintenance of the integrity of vessel walls, the clumping of blood platelets and agglutination of red cells, and the coagulation of the blood. As noted by Jaques (16) , if two of these are impaired it is unlikely that haemorrhage can be prevented. Trauma results in conb-action of the damaged vessels and decrease in vessel permeability which is partly dependent on liberation of a vasoconstrictor substance, 5-hydroxytryptamine, from platters. The platelets ,along with the red cells serve as a mechamcal plug at the site of injury, contribute thromboplastin to the third mechanism of defence, the clotting process, and influence clot retraction to produce a firm blood clot. The release of 5-hydroxytryptamine and epinephrine by the platelets causes agglutination of the plug.
The coagulation of the blood consists of a series of rather complicated biochemical reactions. The basic mechanisms of coagulation can be considered as taking place in three phases in a step-wise fashion as suggested by Biggs: activation of thromboplastin; transformation of prothrombin to thrombin; and, finally, the formation of tlbrin. Defects in clotting may occur in any one of these phases owing to deficiencies of essential clotting elements. I(ecent investigations have done much to elucidate factors previously unknown which play ar~ important role in'bhe coagulation process. Many of these recently discovered factors can by considered as accelerators ot the over-all transformation to evolve fibrin. On the tither hand, one must not forget the possibility of the release and appearance of inhibitors of this process.
The activation of the thromboplastin is brought about by platelets (platelet factors) plus thromboplastinogen (normally in the plasma) to form thromboplastin. Secondly, the conversion of prothrombin to thrombin involves thromboplastin plus prothrombin to form thrombin. Several factors speed up these reactions, including ionized calcium, accelerator globulin (labile factor) and convertin globulin (stable factor). Deficiency of accelerator or convertin factors may delay clotting, while inhibitors in the blood may minimize intravascular clotting. Finall`y, the formation of fibrin must occur from the thrombin and fibrinogen.
During and following operation, poor haemostasis may develop as the result of two primary defects in the clotting mechanism-deficiency of maior clotting elements, and deficiency of essential accelerator factors. A minor defect involves excessive production of inhibitors.
In order to follow properly the sequence of tile clotting mechanism, a systematic investigation of all facets of coagulation should be undertaken. Such an analysis was attempted in this study to evaluate the effect of the drug chlorpromazine on haemostasis, utilizing the coagulogram recommended by Bell (17) . This is similar to the system of the tests advocated by Seegers and a number of other workers (18, 19, 20, 21) . In reviewing the literature, Seegers (18) reported contticting data as to the effects of anaesthetics and respiratory gases on clotting power of the blood. Epinephrine produced hyper-cc,agulability, while acetylcholine apparently caused fibrinolysis. Parsloe and associates (20) recently studied the effects of opiate premedication, and of muscle relaxant drugs in combination with thiobarbiturates, for induction of anaesthesia and various systems of maintenance on the clotting of blood, and found a variable response that would indicate no obvious derangement of the clotting mechanism.
It is essential in these studies to realize the limitations of the methods used. Changes in the haemostasis of the patient caused by stress or drugs may be in the coagulant or, as mentioned' above, in the anti-coagulant phase and may include changes in the rate of physiological formation or destruction of the major elements of blood clotting. Drugs may also act by entering into direct combination with a coagulant or anti-coagulant or influence the release of either from storage depots. The techniques presently employed for the stucy of these effects may not reveal minor alterations.
The following procedures were employed to determine the effect of chlorpromazine on blood clotting. Studies were carried out on patients lwho were scheduled for elective operation. Male patients between the ages of 18 and 76 were selected who were well nourished but not obese, and who had relatively normal heart, lungs, liver, blood counts and circulating blood volume. Tests were carried out the day before operation, 45 minutes after the intravenous injection of chlorpromazine, one hour postoperatively (ff blood loss and fluid replacement was minor) and two days postoperatively. None of these patients had received ACTH nor were undergoing surgical procedures involving organs which might cause fibrinogenopenia or a bleeding tendency (21) . One patient underwent tonsillectomy under local anaesthesia (H.R.). The ~remainder had thiopental and nitrous oxide and the relaxant d-tubo curare for their anaesthetic. TECHNIQUES Hematocrit (PCV) was determined by filling a Sandford-Magath tube to the 1 ml. mark with 1.1 per cent sodium oxalate solution and adding 5 ml. of venous blood into the oxalate, then the tube was stoppered and inverted two to three times. The stopper was then removed and the tube centrifuged at 2,500 r.p.m. for 30 minutes. The volume of the packed red cells excluding the "buffy coat" was read and muliplied by 20 to determine the hematocrit. Normal value is 47 -----7 per cent for males.
Haemoglobin was determined with cyanmethaemoglobin standard solutions as provided by the National Research Council on a Coleman Junior Spectrophoto-meter. Limits of confidence in this laboratory are 4-0.87 grams in the 10 to 18 gram range.
Bleeding time was determined by two methods. One (Duke) was carried out in all cases and is reported; the other was discontinued as this procedure is not routinely used. In the Duke method the lobe of the ear was cleansed with alcohol and a 2 mm. cut (length and depth) was made w~Lth a No. 11 Parker knife. Every 5 to 10 seconds the droplet of blood was blotted with filter paper until bleeding stopped. The second method (which was discontinued) is the Ivy technique as described by Stefanini. The sphygmomanonmter cuff applied to the arm was inflated to 40 ram. Hg and after cleansing the skin of the forearm with alcohol, a 2 mm. cut (length and depth) was made with a No. 11 Parker knife. Drops of blood were collected on filter paper every 15 to 80 seconds until there was complete cessation of bleeding. Normally bleecling stops within 8 minutes.
Clotting "time was measured by a modification of the Lee and White method: 10 ml. of venous bloo d was drawn for each coagulation determination into a siliconed syringe. Immediately, the first 2 ml. ~of blood were ]?,laced in an oxalated tube as were the last 5 ml. The middle 8 ml. were placed, l ml. in each of three, 10 >( 75 mm. glass culture tubes and a stop watch started The first tube was tilted every 80 seconds for the first 8 minutes and then every 15 seconds thereafter until a clot formed. The second tube was then tilted every 15 seconds until a clot appeared and finally the third tube was likewise tilted. The formation of a clot in the third tube was taken as the end point and recorded as the clotting time. Normal values range from 7 to 15 minutes. The oxalated blood was used in the remainder of the study.
Prothrombin determinations. The one-stage method modified from Quick (22) , was used. The measurement of the plasma clotting time (prothrombin time) after the addition of thromboplastin and calcium indicates the minimal interval that elapses before a microscopic fibrin clot results from th~ conversion of prothrombin to thrombin. The wtlue indicates the velocity and amount of thrombin formation from the interaction of prothrombin with calcium, thromboplastin and certain "accessory" substances; the velocity of the thrombin-fibrinogen interaction and deposition of the insoluble fibrin gel; and the competitive effect of antithrombin inactivating the thrombin. The prime purpose of the one-stage prothrombin method is to measure the over-all velocity of thrombin elaboration. However, no indication is given of the mechanism of thromboplastin formation since the latter is added artificially to the system. The one-stage procedure was modified upon' occasion for the detection of deficiency of procorLvertin (factor VII) (23) . For this a small amount of~human serum was added to the experimental plasma in the one-stage prothrombin. Fibrinogen leve~s were measured according to the technique described by Quick (22) . Normal is 1.5 to 3.5 mg./ml. plasma.
For the specific determination of prothrombin, the two-stage method described bv Ware and Seegers was used (24) . This depends on the entire conversion of prothrombin to thrombin, which is then measured by the clotting of a fibrinogen solqtion previously standardized against known amounts of thrombin. For this method to be valid, all factors required for complete thrombin elaboration must be present, and thrombin inactivation by antithrombins is avoided by dilution in the system (normally 80 to 110 per cent).
Prothrombin consumption test.
When normal blood is placed in a glass test tube, most of the prothrombin will disappear within 60 minutes after the blood is shed. This is believed to be due to its conversion to thrombin. In a severe deficiency of serum prothrombin conversion accelerator (SPCA) and in bleeding states of haemophiloid nature the residual serum prothrombin is far greater after coagulation is allowed to run its course than under normal circumstances. Accordingly, serum containing less that 25 per cent of the parent plasma prothrombin may be considered strong evidence against any of these coagulation defects.
Clot retraction time was measured by Tocantins (25) and moddled as follows. a siliconed (G.E. drifilm SC 87) vessel the method of Andreassen as quoted by One ml. of blood was allowed to clot in in the centre of which was a glass rod. The blood adheres to the rod but not to the siltconed vessel. The latter was inverted at the end of 2 hours and the expressed serumcollected and measured inca graduate tube (normally 0.2.5 to 0.35 ml. ).
Platelets were counted directly using the method of Kxistenson (26) (normal 200,000 to 800,000 ).
RESULTS
The cases studied are summarized in Tables I and II . An analysis of the coagulation system revealed that changes had occurred in the clotting mechanism of the individual from the time the control was taken until after chlorpromazine was administered. In most instances the changes took the form of a moderately increased clotting time and a prolonged one-stage pro~hrombin time. However, four of the eleven cases with complete data showed a s]hortening of the clotting time, so that the prolongation was not necessarily due to chlorpromazine. This indicates the variableness of response or perhal~s it indicates that the stress reaction was not adequately suppressed.
The increase in the one-stage prothrombin time was found to be due to a deficiency of proconvertin (factor VII, SPCA). Alterations in the two-stage prothrombin values verified the change in the one-st.age prothrombin time. There also appeared to be a slight fall in the level of fibISnogea. No change was noted in the clot retraction value, platelet count or in the prothrombin consumption.
Variations were also found in the postoperahve studies, but showed no conslstency among the patients studied and are attributable more probably to the anaesthesia and the operation. The stress of the latter may have an effect on the clotting system since it has been found that various forms of stress can elevate the one-stage prothrombin time (27) .
The decrease in peripheral vascular resistarme by chlorpromazine is produced by the fall in blood pressure in most patients. This was not accompanied by any change in the capillary resistance as measured by the tourniquet test. The control bleeding time in most patients was quite short and could be attributed to the psychological stress of impending operation. Although ctflorpromazine produces an anti-adrenalin and anti-serotonin effect, bleedmg time tended to be even shorter than in the control. This may indicate added stress in the immediate preoperative period which is not completely allayed by premedieation. This effect persisted into the postoperative period ( Fig. 1 ) .
DISCUSSION
Although it is generally recognized that the normal vascular function, particularly of the small vessels, plays an important part in haemostasis, there is far less understanding of this function than of the clotting mechanism itself. This is unfortunate because in approximately 50 per cent of all haemorrhagie disorders no abnormality in coagulation is demonstrable despite present knowledge. Even with the newer concepts one must keep an open mind as new and radical changes in this knowledge are revealed ( 19 ).
Before the effect of drugs on haemostasis can be assessed, a working hypothesis of the haemostatie mechanism, based on established f/tcts, must describe the sequence of events in traumatic or surgical bleeding for the clinical investigator. Stefanini (21) has summarized this as follows SUrgical bleeding occurs at the level of the metarteriole. When the vessel is cut, a fleeting, localized vasoeonstrietion takes place Shortly afterward, platelets and rec[ cells agglutinate at the site of injury. This physical phenomenon is followed by a more prolonged and more systemic constriction of all metarteriolar vessels, which is attributed to release of 5-hydroxy-tryptamine from disintegrating platelets. Coagulation of blood also seems to start at this time. Once fibrin has been formed, the clot begins to retract. The fibrolytic mechanism in this process is not clearly understood, and the formation of fibrin is the most complicated step. Basically, this mechanism involves the reaction of a platelet factor with anti-haemophilie globulin to form thromboplastin wath assistance of several plasma factors. The 6hromboplastin then reacts with calcium and a stable factor (eothromboplastin, factor VII, convertin) to form an intermediate complex that reacts with the labile factor (factor V, aecelerin) to form a prothrombm-convertm agent (plasma thromboplastin, prothrombinase ) which converts prothrombin to thrombin irt the presence of calcium. As fibrinogen xs acted on by thrombin in the presence of an optimal concentration of calcium and a poorly defined factor found in plasma and serum, fibrin is finally formed The factors supphed by platelets seem to accelerate the formation of thrombin and fibrin.
Chlorpromazme has been postulated to affect haemostasis m two major ways: by inereasing the efllemncy of coagulation; or by preventing fibrinolysis. On the other hand, Courvoisier (8) has shown that the coagulation time of blood in animals is prolonged by the administration of chlorpromazine. This effect may be related to the anti-adrenahn or the antl-serotonin effect of chlorpromazine.
Kovhcs and associates (28) have recently shown in animals that chlorpromazine dears lipaemia presumably by mobilizing endogenous heparin. Their hypothesis is supported by the fact that the clearing effeet appears rapidly, bringing about a shift in the tipo-protein pattern similar to that produced by heparin, and that the effect is inhibited by protamine. If a rise in heparin occurs in this way, the clotting mechanism may be disturbed at several points since heparin prevents the activation of prothrombin to thrombin by an anti-prot_hrombin action, and a powerful anti-thrombin effect inhibits the action of thrombin in converting fibrinogen to fibrin. Heparin also reduces or prevents the lysis and agglutination of platelets and, therefore, reduces production of plasma td~romboplastinogen.
Perlick (29) reported that the phenothiazine derivatives used to produce prolonged sleep therapy may increase the heparin content of the blood. Kov~tcs also points out that since the phenothiazine derivatives have come into wide use in therapy, several observations have suggested that thrombo-embolic complications frequently occur following prolonged use of these drugs. On the basis of experiments it might be assumed that owing to the increased release of heparin during prolonged phenothiazine treatment the heparin stores throughout the body become diminished and the interruption of continuous administration may be tollowed by a sudden decrease of the heparin blood level. The possibility that such a mechanism is in operation was suggested to explain an increased coagulability of the blood after the administration of chlorpromazine. How, ever, the evidence regarding human heparin is still very scanty and it would bGpremature to relate t0 humans any data obtained from animals.
In this study, the single intravenous injection of a therapeutic dose of chlorpromazine showed no consistent change in platelet count or the dotting time either after the drug or after anaesthehe and the operation. The "only significant change was a prolongation of the one-stage prothrombin time (in nine of thirteen patients). This probably indicates an inadequate suppression of the stress response by chlorpromazine in the doses administered SUmMArY A study of the effect of chlorpromazine on the haemostatic mechanism was earned ottt on thirteen adult male pahents in relatively good general health and who were under the stress of preparation for an operation. A reduction in blood pressure mdmated a significant decrease in peripheral vascular control, and a decrease in the prothrombin time occurred in most of the patients. These changes did not persist into the postoperatave peliod. Under these climeal conditions and by this techmque of study, -it was found that chlorpromazine may decrease the eoagulabihty during operahon and may increase eoagulabihty postoperatively. The cause of these changes was not revealed
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R~SUM~

B.
Nous avons fair une 6tude de l'effet de la chlorpormazine sur le mgeanisme homeostahque de treize hommes en bonne sant6 relative mais subissant le stress de la pr6paration ~ une op6ration. Nous avons observ6 une diminution notable du controle vasculaire ps manifest~ par l'abaissement de la pression artgrielle et une diminution du temps de prothrombine chez la plupart des malades. Aprgs l'op~ration, ces modifications n'existaient plus. Dans ces conditions cliniques et avec cette fa~on d'~tudier, nous avons observ~ que le chlofpromazine peut diminuer la coagubflit~ pendant l'op6ration et l'augmenter darts les suites op~ratoires On n'a dgeouvert l'~tiologie de ees modifications,
